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Methods And Devices For Intervertebral Disc Repair 


Greg Lambrecht 

Background 

SZ^TS ^ 10 Ae treatmcnt «>f intervertebral (IV) discs in the 

Sn^s C 5151,16 have ^ heraiation OT si ^^t 

Hcrnigon of an IV disc is one of the ten most common diagnoses in the United States 
^K""!?, ™P°«ant role of absorbing mechanical loads while allowing for 
constramedflexibihty of the spine. The disc is composed of a soft, central nucleus 

o^^&f? ? 8 toU * h ' W T n r***™* Hemianon 1 a result 
°, We f^ g ™ *■ Synpwmaac herniations occur when weakness in the AF 

□ P*? 0 ? ~™ resulting symptoms are pain radiating along a compressed nerve and 
h* 'ow back pam. both of which can be crippling for the patient The significance of this 
m problem ^increased by the low average age of diagnosis, with over 80% of patients in 
■y. the U.S. being under 59. 

□ 

ffj Prior Ait 

LI 

Since its original description by Mixter & Barr in 1934, discectomy has been the most 
£ common surgical procedure for treating IV disc herniation. This procedure involves 

□ removal of disc materials impinging on the nerve roots or spinal cord posterior to the 
! v disc. Depending on the surgeon's preference, varying amounts of NP is then removed 

from wifoin the disc space either through the herniation site or through a surgical incision 
in the AF. This removal of extra NP is commonly done to niinimize the risk of recurrent 
herniation. 

Nevertheless, the most significant drawbacks of discectomy are recurrence of herniation 
recurrence of radicular symptoms, and increasing low back pain. Re-hemiation can occur 
in up to 21% of cases. The site for re-hemiation is most commonly the same level and 
side as the previous herniation and can occur through the same weakened site in the AF. 
Persistence or recurrence of radicular symptoms happens in many patients and when not 
related to re-hemiation, tends to be linked to stenosis of the neural foramina caused by a 
loss in height of the operated disc. Debilitating low back pain occurs in roughly 14% of 
patients. All of these failings are most directly related to the loss of NP material and AF 
competence that results from herniation and surgery. 

Loss of NP material deflates the disc, causing a decrease in disc height Significant 
decreases in disc height have been noted in up to 98% of operated patients. Loss of disc 
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height increases loading on the facet joints. This can result in deterioration of facet 
cartilage and ultimately osteoarthritis and pain in this joint As the joint space decreases 
the neural foramina formed by the inferior and superior vertebral pedicles also close 
down. This leads to canal stenosis, pinching of the traversing nerve root, and recurring 
radicular pain. Loss of NP also increases loading on the remaining AF, an innervated 
structure that can produce pain. Finally, loss of NP results in greater bulging of the AF 
under load This can result in renewed impingement by the AF on nerve structures 
posterior to the disc. 

Persisting tears in the AF that result either from herniation or surgical incision also 
contribute to poor results from discectomy. The AF has been shown to have limited 
healing capacity with the greatest healing occurring in its outer borders. Healing takes 
the form of a thin fibrous film that does not approach the strength of the uninjured disc. 
Surgical incision in the AF has been shown to produce immediate and long lasdng 
decreases in stiffness of the AF particularly against torsional loads. This may over-stress 
the facets and contribute to their deterioration. Further, in as many as 30% of cases, the 
AF never closes. In these cases, not only is re-hemiation a risk but also leakage of fluids 
from within the NP into the epidural space can occur. This has been shown to cause 
localized pain, irritation of spinal nerve roots, decreases in nerve conduction velocity, and 
may contribute to the formation of postsurgical scar tissue in the epidural space. 

Other orthopedic procedures involving removal of soft tissue from a joint to relieve pain 
have resulted in significant, long lasting consequences. Removal of all or part of the 
menisci of the knee is one example. Partial and total meniscectomy leads to increased 
osteoarthritic degeneration in the knee and the need for further surgery in many patients. 
A major effort among surgeons to repair rather than resect torn menisci has resulted in 
more durable results and lessened joint deterioration. 

To date, there have been very few attempts to repair the IV disc. Yas argil mentions 
suturing the AF closed after complete removal of the NP, but does nothing to limit disc 
height loss or posterior bulging of the AF. 

Most of the relevant prior art pertains to repair of the menisci of the knee. Feagin, et al. 
in US 5,500,000 discloses a system and method for repairing tears in soft tissues. The 
system is limited to a barbed tissue anchor, an attached length of suture, and a suture- 
retaining member, which can be affixed to the suture and used to draw die sides of a tear 
into apposition. The drawback of this method is that it is limited to the repair of a tear in 
soft tissue. In the IV disc, closure of a tear in the AF does not necessarily prevent further 
bulging of that disc segment toward the posterior neural elements. Further, there is often 
no apparent tear in the AF when herniation occurs. Herniation can be a result of a 
general weakening in the structure of the AF (soft disc) that allows it to bulge posteriorly 
without a rupture. When tears do occur, they are often radial. Placing an anchor, across 
such a tear plane as disclosed in US 5,500,000 would require medial-lateral placement of 
the anchor.! The limited exposure provided by the posterior elements of the vertebra and 
the orientation of the tissue planes and fibers of the AF make this invention very, difficult 
to implant in the disc and of questionable therapeutic benefit It is the primary purpose of 


Page 2 


Provisional Applicatic 


Lambrccht 


the present invention to prevent movement of the AF and any herniated material toward 
the posterior neural structures by suspending the herniated segment from a site within the 
FSU. Repairing a tear in the AF can accompany this method, but is not necessary for 
achieving the purpose of the disclosed invention. Feagin, et al. further does not disclose 
any augmentation of the injured soft tissue. 

Oberlander in US 5,702,462 has all of the limitations of Feagin, et al. The disclosed 
invention is intended for repair of a tear in a previously contiguous soft tissue. Dart 
anchors are placed across the tear in a direction generally perpendicular to the plane of 
the tear. Sutures leading from each of at least two anchors are then tied together such that 
the opposing sides of the tear are brought together. 

Shah in two related patents, US 5456,428 and 5,769,893, discloses an apparatus and 
method of using tension to induce growth of soft tissue. The disclosed embodiments and 
methods are limited in their application to hernias of the IV disc in that they require a 
spring to apply tension. Aside from the difficulty of placing a spring within the limited 
space of the FSU, a spring will induce a continuous displacement of the attached tissues 
that could be deleterious to the structure and function of the disc. A spring may further 
allow a posterior bulge in the disc to progress should forces within the disc exceed the 
tension force applied by the spring. Further, the disclosed invention is designed to be 
removed once the desired tissue growth has been achieved. This has the drawback of 
requiring a second procedure. 

There are numerous ways of augmenting the IV disc disclosed in the art In reviewing 
the art, two general approaches are apparent - implants that are fixed to surrounding 
tissues and those that are not fixed, relying in stead on the AF to keep them in place. 

The first type generally replace the entire disk, such as Stubstad in US 3,867,728, Frey in 
US 4,932,969, and Stone in U.S. 5,108,438. These concepts are limited in many ways. 
First, by replacing the entire disc they generally must endure all of the loads that are 
transferred through that disc space. Many degenerated discs are subject to pathologic 
loads that exceed those in normal discs. Hence, the designs must be extremely robust and 
yet flexible. None of these devices has yet been able to achieve both qualities. Further, 
devices that replace the entire disc must be implanted using relatively invasive 
procedures, normally from an anterior approach. They may also require the removal of 
considerable amounts of healthy disc material including the anterior AF. Further, the 
disclosed inventions must account for the contour of the neighboring vertebral bodies to 
which they are attached Because each patient and each vertebra is different, these types 
of implants must be available in many sizes. 

The second type of augmentation involves an implant that is not directly fixed to 
surrounding tissues. Examples include Ray's US 5,824.093, Felt's US 5,888,220, 
Krapiva's US 5,645,597, Bao's patents US 5,047,055 and US 5,192326 and 
Baumgertner's series of patents US 5,702,454, US 5,171280, EP 0621020A1, and EP 
0453393AI. These inventions rely on an AF that is primarily intact to hold them in 
place. Hie disclosed implants are generally inserted through a hole in the AF and either 
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expand, are inflated, or deploy expanding elements so as to be larger than hole through 
which they are inserted. The limitation of these concepts is that the AF is often not intact 
in cases requiring augmentation of the disc. There are either rents in the AF'or structural 
weaknesses that would allow herniation or migration of the disclosed implants. In the 
case of a disc herniation, there are definite weaknesses in the AF that allowed the 
herniation to occur. Augmenting the NP with any of the above disclosed inventions 
without supporting the AF or implant risks re-herniation of the augmenting materials. 
Further, those inventions with deployable elements such as Ray's US 5,824,093 and 
Baumgarner's US 5,702,454 risk injuring the vertebral endplates or the AF 
mmscrinunately. Many of the patents describe closing the AF at the site of insertion. 
This may help, but again herniations do not require a rent in the AF. Structural weakness 
in or delamination of the multiple layers of the AF can allow these implants to bulge 
toward the posterior neural elements. Additionally, as the disc continues to degenerate, 
rents in the posterior anulus may occur in regions other than the original operated site. A 
further limitation of these concepts is that they require the removal of much or all of the 
NP to allow insertion of the implant This requires time and skill to achieve and may 
permanently alter the physiology of the disc. 

It is the object of the disclosed invention to overcome the many limitations of the 
described prior art It is a further object of this invention to reduce the long-term 
negative consequences of herniated discs by repairing and/or augmenting rather man 
resecting the soft tissues of the disc. It is a further object of this invention to prevent or 
reduce the occurrence of re-hemiation and disc height loss following surgical therapy for 
herniated IV discs. It is a further object of this invention to increase the AFs resistance 
to posterior bulging and leakage of NP material while increasing its stiffness under load. 
It is a further object of this invention to permit the augmentation of the soft tissues of the 
disc in such a way so as to limit the risk of the herniation of any augmentation materials 
toward nerve structures posterior to the disc. 

Summary Of The Invention 

The present invention relates to devices and methods for closing a defect in the anulus 
fibrosis. 

One method involves the insertion of a barrier means into the disc. This procedure can 
accompany surgical discectomy. It can also be done without the removal of any portion 
of the disc and further in combination with the insertion of an augmentation material or 
device into the disc. 

The method consists of inserting the barrier means into the interior of the disc and 
positioning it proximate to the interior aspect of the anular defect The barrier material is 
preferably considerably larger in area than the size of the defect, such that at least some 
portion of said barrier means abuts healthier anulus fibrosis. The device acts to seal the 
anular defect, recreating the closed isobaric environment of a healthy disc nucleus. This 
closure can be achieved simply by an over-sizing of the implant relative to the defect It 
can also be achieved by affixing the barrier means to tissues within the functional spinal 
unit In a preferred aspect of the present invention, the barrier means is affixed to the 
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anulus surrounding the anular defect This can be achieved with sutures, staples, glues or 
other suitable fixation means. The barrier means may also be larger in area than the 
defect and be affixed to a tissue or structure opposite the defect, i.e. anterior' tissue in the 
case of a posterior defect 

The barrier means is preferably relatively flexible in nature. It may be constructed of a 
woven material such as Dacron or Nylon. It may further be an expanded material such as 
expanded polytetrafluroethelene (e-PTFE). The barrier means may also be a biologic 
material such as cross-linked collagen or cellulous. 

The barrier means may be a single piece of material. It may further have an expandable 
means that allows it to be expanded from a compressed state after insertion into the 
interior of the disc. This expandable means may be an active means such as a balloon, or 
passive, such as a hydrophilic material; The expandable means could further be a self* 
expanding mesh of elastically deforming material. 

The barrier means may be anchored to the disc in multiple locations. In one preferred 
embodiment, the barrier means can be affixed to the anular tissue in or surrounding the 
defect and further affixed to a secondary fixation site opposite the defect, i.e. the anterior 
Cfl anulus in a posterior herniation or the inferior or superior vertebral body. Tension can be 

□ applied between the primary and secondary fixation sites so as to move the anular defect 

h 4 toward the secondary fixation site. This may be particularly beneficial in closing defects 

that result in posterior herniations. By using this technique, the herniation can be moved 
H 1 and supported away from any posterior neural structures while further closing any defect 

Q in the anulus. 
03 

^ The barrier means may further be integral to a fixation means such that the barrier means 
j\ affixes itself to tissues within the functional spinal unit 

□ 

jy Any of the methods described above can be augmented by the use of a second barrier 
yj means placed proximate to the outer aspect of said defect The second barrier can further 
y3 be affixed to the inner barrier means by the use of a fixation means such as suture. 
\B 

Claims 

A method of closing a defect in the anulus of an intervertebral disc, said IV disc being 
part of a functional spinal unit, involving the steps of 

a) inserting a barrier means through an opening into the interior of said disc 

b) positioning said barrier proximate to said defect 

c) affixing said barrier to a portion of said functional spinal unit using a fixation 
means 

A method of closing a defect in the anulus fibrosis of an intervertebral disc of a 
functional, spinal unit involving the steps of, 

a) inserting at least a portion of a barrier means through an opening into the interior 
of said disc 
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b) positioning said barrier proximate to said defect 

0 affbung said barrier to a portion of said functional spinal unit using a fixation 
b) ^ & t 0 *? 0 * 0 * Actional spinal unit using a fixation 


bein™ i£ 1 8 ^ ™ anUluS fibrosis of 80 intervertebral disc, said IV disc 
being part of a functional spinal unit, involving the steps of: 

a) inserting a barrier means into the interior of said disc 

b) positioning said barrier proximate to said defect 

c) affixing said barrier to a portion of said functional spinal unit using a fixation 


tJZaHa 0 ' cl ° sm « a m me fibrosis of an intervertebral disc, said IV disc 
being part of a functional spinal unit, involving the steps of: 

a) inserting an expandable barrier means into the interior of said disc 

b) positioning said barrier means proximate to said defect 

c) expanding said barrier means 

A method of closing a defect in the anulus fibrosis of an intervertebral disc, said IV disc 
being part of a functional spinal unit, involving the steps of: 

d) inserting an expandable barrier means into the interior of said disc 

e) positioning said barrier means proximate to said defect 

f) expanding said barrier means and securing it to a portion of said functional spinal 
unit using a fixation means F 

A sort tissue repair device comprising: 

a) an anchor means to provide secure attachment to a first soft tissue 

b) a flexible attachment site adapted to receive sutures so as to affix said attachment 
site to a second soft tissue, said attachment site being flexibly affixed to said 
anchor means 

A soft tissue repair device comprising: 

a) an anchor means adapted to provide secure attachment to a first soft tissue 

b) a flexible attachment site comprised of a woven or expanded material said 
attachment site adapted to receive sutures so as to affix said attachment site to a 
second soft tissue, said attachment site being flexibly affixed to said anchor 


A method of closing a defect in the anulus fibrosis of an intervertebral disc of a 
functional spinal unit, involving the steps of: 
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a) inserting a barrier means through an opening into the interior of said'disc 

b) positioning said barrier proximate to at least that portioD of said defect mat is on 
the interior of said disc 

c) affixing said barrier to a portion of said functional spinal unit using at least one 
fixation means 

A method of repairing an anular defect in an intervertebral disc consisting of the 
following steps: 

a) creating a small opening in the anulus through to the nucleus 

b) inserting a barrier material into the hole and securing said material against the 
inner wall of said anulus 

A method of augmenting an intervertebral disc involving the steps of: 

a) creating an opening into the interior of the disc through the anulus fibrosis 

b) inserting an augmentation material into the disc through said opening 

c) inserting a barrier material into the disc through said opening and positioning said 
barrier material proximate to the interior aspect of said opening 

A method of repairing an anular defect in an intervertebral disc consisting of the 
following steps: 

a) inserting a first barrier means into the interior of the disc and positioning said 
barrier means proximate to the interior aspect of said defect 

b) positioning a second barrier means proximate to the exterior aspect of said defect 

c) affixing said first barrier means to said second barrier means using a fixation 
means 
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